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Calculations! Calculations were performed using Excel Version S.Qe, Some 
reported values may differ in the last reported digit from values calculated directly 
from the report tables due to the rounding that has been applied, 
5 Pharmacokinetic Analysis; The maximum concentration (CW) in rat plasma 

and the time to reach maximum concentration (Trnax) were obtained by visual 
inspection of the raw data. Pharmacokinetic parameters calculated included half-life 
(tv2% time to maximum plasma concentration (T nm ), area under die concentration- 
time curve from time 0 to the last time point (AUQwX area under the concentration- 
10 time curve from 0 to infinity (AUCo^.), volume of distribution ( V z ) ? and cle arance 

(CI,)* Pharmacokinetic parameters were calculated by using WinNonlin Professional 
Edition (Pharsight Corporation, Version 3 3), 

Results and CoBclustoas 

15 For gabapentin (Table 2), the elimination phase of the concentration vs. time 

profiles was not well defined. Based on the comparison of CW and AUCc-t data, 
there appeared to be no appreciable difference between the oxybutynin (Oxy) group 
and the combination (Com) group. No evidence of drug-drag interaction between 
oxybutynin and gabapentin was found with the current study design, 

20 For oxybutynin (Table 3) ? the pharmacokinetic parameters (Cm* AUCo* 

AUCcw^ tvz* V s and CL) obtained from the combination (Com) group did not appear 
to be appreciably different than those from the oxybutynin (Oxy) group. No evidence 
of drug-drug interaction between oxybutynin and gabapentin was found with the 
current study design. 

25 For desethyl oxybutynin (Table 4), the elimination phase of the concentration 

vs. time profile was not well defined. However, based on the comparison of CW and 
AUC<m data, there again appeared to be no appreciable difference between the 
oxybutynin (Oxy) group and the combination (Com) group. 

The r esults of the pharmacokinetic study indic ate that pharmacokinetic 

30 influences of one drag on the other do not account for the synergistic nature of the 
oxybutyniii-gabapenthi combination as seen in Example L That is to say that the 
synergistic nature of the positive effect of the combination on lower urinary tract 
function is not due to some pharmacokinetic interaction. 
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Table 2 

Pfearmacokliietk parameters for gabapentitt in rat plasma 

Dose Level AUC 04 AUCo-o* V, CL 
Treatment AmnsaS ___ fo^feg) (^g/mL) ,,._,X|pjjf?^jgs) (rc»n»ng/mL) (mfa*ng/ roL) (tnmutggl ^ i^jj 1 ?"^.^. 



Com 


7 


100 


U.3E40S 


60 


1JUSE407 


NC 


NC 


NC 


NC 


Com 


8 


100 


L01B405 


30 


L08B407 


4.59K407 


303 


951 


2.18 


Com 


9 


100 


93mm 


15 


L05E407 


7.06B407 


5\9 


1060 


1.42 


Com 


10 


100 


L03E+O5 


15 


8/76E406 


I,5tE407 


97.3 


928 


6M 


Com 


11 


100 


L56E4Q5 


60 


1 .40E407 


NO 


NC 


NC 


NC 


Com 


20 


too 


L0GE4G5 


15 


1 .G7B*07 


NC 


NC 


NC 


NC 


Com 


23 


100 


U2E4G5 


15 


UOE407 


439E407 


296 


975 


2.28 


Com 


24 


100 


I43E+Q5 


30 


U6B407 


NC 


NC 


NC 


NC 



Mean 






M9E+05 




U3E407 


4.39B-H>7 


. 304 




3,12 


SD 






1 *96E4G4 




1 ,5638+06 


2.27E407 


172 


57.4 


236 


Gab 


4 


100 


\ 47E+05 


IS 


125E407 


NC 


NC 


NC 


NO 


Gab 


5 


100 


L12E4G5 


15 


1.02E+07 


L95B407 


U6 


S57 


5.12 


Gab 


6 


100 


xxrm+05 


15 


S.56E406 


L37E407 


86.2 


910 


732 


Gab 


12 


100 


uoe+os 


15 


1.01E+07 


2a9B40? 


135 


S90 


4.57 


Gab 


13 


too 


9.52E*04 


15 




L44E407 


99.4 


996 


6.95 


Gab 


14 


100 


1J23E+05 


120 


1.2SE+07 


NC 


NC 


NC 


NC 


Gab 


17 


100 


*3.4SE+0I 


120 


*2.12E+03 


NC 


NC 


NC 


NC 


Gab 


21 


100 


3.59B+04 


30 


3.8OE+06 


L16&:<S7 


205 


2555 


8.<>3 


Mean 






9.S6B+04 




9.4SB406 


1.62E407 


128 


1242 


6.52 


SD 






2,$$B404 




3.O5E*06 


4.320*06 


46,7 


736 


1.66 



AUC^* Area imcfcr the plasma conceattsttion-tfoig curve up to infinity. 

AUCy=, Area under the- plasma eoneenttution-*ime curve up to the last sampling time with measurable eventrations. 

CI. Clearance. 

C,iu< Maximum plasma concentration. 

NA Not applicable. 

NC Not calculated due to insuf ftcient elimination phase data.. 

SD Standard deviation, 

t m Observed elimination half-life- 

Tbmx Time to rrmimtim conceniraitm 

V« Volume of dislvib a lion . 

* Outliers, Excluded from mean and SD calculations 
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Table 3 

Pharmacokinetic parameters for oxybutynm in rat plasma 







Dose Level 






AUC,u 


AUC*. 


twa 


V, 


CL 


Treatment 


AttmiaJ 


(mg/kg) 


(ngfoL) 


.{minutes) 






(xmmttes) 


(mUkg) 




Com 


7 


3 


320 


15 


22 152 


28177 


24.6 


3774 


106 


Com 


S 


3 


360 


15 


20737 


23114 


393 


7363 


330 


Com 


Q 

> 




7 AH, 


I Is 


I OiU i 


♦ fill/; 




10301 


157 


Coin 


iXt 






1 J 


loJh/ 


2-0541 




Mil 


146 


"wVJAf J 


1 1 






1 < 


i OU3 / 


■s <?■■"> a 


4^.3 


10252 


164 




7ft 




JO / 


I ^ 


->t Don 


20 / 2D 


53,0 


B590 


1 12 




AO 










21702 


41 ,5 


§270 


13$ 


Com 


24 


3 


295 


15 


17222 


19529 


4L2 


9136 


354 








J i U 






22 1 5(3 


41.0 


8262 


138 


SD 






40.4 




2435 


3624 


7,97 






Oxy 


1 


3 


22S 


15 


15566 


21438 


72.8 


14701 


140 


Oxy 


. 2 


3 


448 


15 


24555 


28547 


55,6 


8425 


105 


Oxy 


3 


3 


238 


15 


12865 


14181 


39.8 


12I5S 


212 


Oxy 


■ 15 


3 


217 


15 


1 5880 


20477 


56.8 


12004 


147 


Oxy 


16 


3 


419 


15 


23333 


24944 


32,5 


5632 


320 


Oxy 


IS 


3 


426 


15 


28295 


38044 


66,9 


7612 


78,9 


Mean 






329 




20082 


24605 


54 


10089 


134 


SD 






i!2 




6135 


8149 


15,5 


3405 


453 





Area- tinder the plasma concentrati an- time curve up to infinity. 






Area under the plasma concentration-time cw^-e up to the last san*p 


>Img with measurable concentrations. 


CL 


Qeamice, 




Crtfifis 


Msximum plasma concentration. 




NA 


Not applicable. 






NoU'ak-ulated due to insufficient elimination phase ete*a. 




m 


Standard deviation. 






Observed dimtaftffou hali-tile, 






Ttn» to maximum concentration. 




v K 


Volume of distribution. 
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Table 4 

Pharmacokinetic parameters for desethyl oxybwtynm in rat plasma 



Dose Level C (tm """ 1W AUCW AUC^ ' i m " " V* """ CL 



Com 


7 


3 


1.19 


IS 


68.0 


471 


266 


2444603 


6370 


Com 




3 


LIS 


15 


65.5 


495 


292 


2551693 


6066 


Com 


9 




1.57 


30 


176 


$77 


365 


ISO 1875 


3420 


Cora 


10 


3 


L7I 


15 


163 


404 


167 


1788610 


7426 


Com 


n 


3 


1.47 


15 


S0,9 


301 


133 


1907790 


9965 


Com 


20 


3 


3.S4 


15 


345 


880 


158 


776714 


3408 


Com 


23 


3 




15 


264 


493 


113 


992758 


60S8 


Com 


24 


3 


LM) 




1 / / 




ioO 


1 563 840 


o /'So 


Mean 






2,00 




168 


545 


207 


1728486 


6191 


SB 






099 




99.1 


215 


89.7 


621739 


2125 


Oxy 


1 


3 


3.6 


15 


306 


716 


158 


954133 


4191 


Oxy 


2 


3 


K55 


15 


47.7 


99 


32.0 


1392698 


30168 


Oxy 


3 


3 


1.7 


15 


53,4 


92 


24.4 


1142356 


32463 


Oxy 


15 


3 


LIS 


60 


69.7 


NC 


NC 


NC 


NC 


Oxy 


16 


3 


L59 


15 


83.9 


247 


100 


1754810 


12124 


Oxy 


IS 


3 


2,81 


120 


306 


NC 


NC 


NC 


NC 


Mean 






2.07 




144 


289 


78.6 


1310999 


19737 


SD 






0.93 




126 


293 


62$ 


346139 


I37S9 



AUG*. 


Area under the plasma eomamtratioiKime otrve up to inimity 


AUCfr, 


Area under the plasaaa coftc^trattoa-time curve up to the last sampling tuns wi th raeasurabt© co^certtratioms. 


CL 


Clearance* 


Cn;ax 


Maximum plasma conefcntraSi&ii, 


NA 


Not applicable. 


NC 


Not calculated due to insufficient elimination, phase data. 


SD 


Standard delation. 




Observed elimmatton Mlf-Ufe. 




Time to maximum eoncentratiott. 




Volume of distribution. 



5 Example 3 - Dilute Acetic Acid Model: Pregafo&lin and Oxybutyria 
Objective and Rationale 

The obj ecti ve of this study was to detemiine the ability of an a 2 S subunit 
calcium channel modulator m combination with a smooth muscle modulator to 
1 0 reverse the reduction in bladder capacity seen following continuous infusion of dilute 
acetic acid, a commonly used model of overactive bladder, In particular^ the current 
study utilized pregabalin as an exemplary subunit calcium channel modulator, and 
oxybutynin as an exemplary a smooth muscle modulator, 
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Materials and Methods 

Urethane anesthetized (1 .2 g/kg) normal female rats ware utilized m this 
study. Groups of rats were treated with oxybutymn alone, pregabalin alone, and 
respective dose-matched combinations of oxybutyiiin and pregabalin, 

5 

Drugs and Preparation 

In one series of studies, drugs were dissol ved in normal saline at 1, 3 and 10 
mg/ml for oxybirfynin and 10, 30 and 100 mg/nil for pregahalin. In these studies, 
individual doses and combinations may be subsequently referred to as Low, Mid and 
1 0 High, Animals were dosed by volume of injection = body weight in kg, 

hi another series of studies., drags were dissolved in normal saline at 0.625, 
1.25, 2,5, 5,0 and 10 mg/ml for oxybutyiiin and 3,75, 7.5, 15, 30 and 60 mg/ml for 
pregabalin* In these studies, individual doses and combinations may be subsequently 
referred to as Low, Mid Low, Mid, Mid High and High, Animals were dosed by 
1 5 volume of iuj eetion ™ body weight in kg. 



Acute Atiestfaetiaed la. Vivo Model 



Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
20 with urethane (L2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
jugular vein for intravenous drag administration. Via a midline lower abdominal 
incision, a fiared-tipped PB 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording. The abdominal cavity was moistened with saline and 
closed by covering with a thin plastic sheet in order to maintain access to the bladder 
25 for emptying purposes. Pine silver or stainless steel wire electrodes were inserted into 
the external urethral sphincter (BUS) percutaneously for electromyography (BMG). 

Sxperimentai Design: Saline was continuously infused at a rate of 0.055 
ral/ttiin via the bladder-filling catheter for 60 minutes to obtain a baseline of lower 
30 urinary tract activity (continuous cystometry; CMG), Following the control period, a 
0,25% acetic acid solution in saline was infused into fee bladder at the same flow rate 
to induce bladder irritation. Following 30 minutes of AA infusion, 3 vehicle 
injections ivere made at 20 minute intervals to determine vehicle effects, if any, 
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Subsequently, increasing doses of a selected active agent, or combination of agents, at 
half log incremciits were adntinistered intravenously at 30 minute intervals in order to 
construct a cumulative dose-response relationship. At the end of the control saline 
cystometry period* the third vehicle, and 20 minutes following each subsequent 
5 treatment, the infusion pump was stopped, the bladder was emptied by fluid 
withdrawal via the infusion catheter and a single filling cystometxogram was 
performed at the same flow rate in order to determine changes in bladder capacity 
caused by the irritation protocol and subsequent intravenous drag admMstration> 

10 Bata Analysis 

Bladder capacity data for each animal were normalized to c '% Recovery from 
irritation/ 5 and this index was used as the measure of efficacy. Data from 
experiments in which each of the drugs were administered alone were utilized to 
create theoretical populations of additive effects for each dose (low, mid and high), 

1 5 and these were compared by one-tailed t-test (individual dose comparisons) and by 2- 
Way ANOVA (across doses) to the actual combination drug data. The means and 
standard deviations of each individual treatment's * 'dose-matched'* (low, middl e, and 
high) responses were added together to estimate the mean and standard deviation of 
the theoretical additive populations for which to compare to the actual data obtained 

20 from the combination experiments. The theoretical additive effect population N — 

(Nartimmcmnic + N a 2S mbuxnt modulator) - 1 . P<G*05Q was considered significant, Only rats 
that showed between a 50-90% reduction in bladder capacity at the third vehicle 
measurement when compared to pre4rritation saline control values were utilized for 
numerical analyses, 

25 

Results and Conclusions 

The effect of cumulative increasing doses of oxybutynin (n~13), pregabalin 
(n-7) and matched combinations (e,g. Dose 1 for the combination was 10 mg/kg 
pregabalin and 1 mg/kg oxybutynin; n~9) on bladder capacity is depicted in Figure 5, 
30 Data are normalized to saline controls and are presented as Mean ± SE3VL 

The effect of cumulative increasing doses of oxybutynin (n=43) 5 pregabalin 
(ii~7) and matched combinations (e.g. Dose 1 for the combination was 10 mg/kg 
pregabalin and 1 mg/kg oxybutynin; n^9) on bladder capacity (normalised to % 
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Recovery from Irritation) is depicted in Figure 6. Data are presented as Mean ± 
SEM Note that the combination of drugs produced a greater than additive effect at 
the Low (P-0.0386X Mid (P-0.0166) and High doses (P**<X0098) S on reduction in 
bladder capacity caused by continuous intravesical exposure to dilute acetic acid 
5 Synergy is also suggested by significant differences between Additive and 
Combination effects by 2- Way ANOVA (PO.Q004), 

The effect of cumulative increasing doses of oxybntynin pregabalin 
(n-7) and matched combinations (e.g. Dose 1 for the combination was 3,75 mg/kg 
pregabalin and 0.625 mg/kg oxybutynin; n^4) on bladder capacity is depicted in 

1 0 Figure 7. Data are normalized to saline controls and are presented as Mean ± SBM, 
The eifect of cmnulaiive increasing doses of oxybutymn (n=4), pregabalin 
(n~7) and their matched combinations (e.g. Dose I for the combination was 3.75 
mg/kg pregabalin and 0.625 mg/kg oxybntynin; n=4) on bladder capacity (normalized 
to % Recovery from Irritation) is depicted in Figure 8. Data are presented as Mean ± 

1 5 SEM. Note also that the combination of drugs produced a greater than additive effect 
at the Mid High (fMXCH) and High doses (P-0.OG4) on reduction in bladder capacity 
caused by continuous intravesical exposure to dilute acetic acid, Synergy is also 
suggested by significant differences between Additive and Combination effects by 2- 
Way ANOVA (PMX0037). 

20 The ability of an c&d subunit calcium channel modulator in combination with a 

smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in bladder capacity strongly indicates efficacy in mammalian forms 
of painful and non-painful and associated irritative symptoms lower urinary tract 
disorders in normal and spinal cord injured patients. Furthermore, the combination of 

25 an a 2 B subunit calcium channel modulator and a smooth muscle modulator produced a 
synergistic effect that was greater than what would be expected if the effects were 
simply additive. 



Example 4 - Dilute Acetic Acid Model: Gabapeatto and Tolterodiiie 

30 

Ob jective and Rationale 

The obj ective of this study was to determine the ability of an t^B subunit 

calcium channel modulator in combination with a smooth muscle modulator to 
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reverse the reduction in bladder capacity seen following continuous infosion of dilute 
acetic acid, a commonly used model of overactive bladder. In particular, the current 
study utilized gabapentin as an exemplary c0 subunit calcium channel modulator, 
and toltcrodine as an exemplary a smooth muscle modulator. 

5 

Materiafe and Methods 

Urethane anesthetized (L2 g/kg) normal female rats were utilized in this 
study. Groups of rats were treated with tolterodine alone (n~9% gabapentin alone 
(n-1 1), and 2 combination studies characterized by single initial dose combinations of 
i 0 tolterodine (Mid and High) together with the Low dose of gabapentin, followed in 
turn by the Mid and High doses of gabapentin alone (n^4 and n==3, respectively). 

Drugs and Preparation 

Drugs were dissolved in normal saline at 1, 3 and 10 mg/ml for tolterodine and 
1 5 10, 30 and 100 mg/ml for gabapeatkL In these studies, individual doses may be 
subsequently referred to as Low, Mid and High. Combinations are referred to as 3 
mg/fcg Tolt Combination and 10 mg/kg Toll Combination, Animals were dosed by 
volume of injection — body weight in kg, 

20 Acute Aiiestfaetfeed In Vivo Model 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with urethane ( L2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
jugular vein for intravenous drug administration. Via a midline lower abdominal 
25 incision, a .fiared-ti^ped PB 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording. The abdominal cavity was moistened with saline and 
closed by covering with a tliin plastic sheet in order to maintain access to the bladder 
for emptying purposes. Fine silver or stainless steel wire electrodes were inserted into 
the external urethral sphincter (BUS) percutaneously for electromyography (BMG). 

30 

Experimental Design: Saline was confeiuously infused at a rate of 0.055 
ml/xnin via the Madder-filling catheter for 60 minutes to obtain a baseline of lower 
urinary tract activity (continuous cystometry; CMG), Following the control period, a 
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0,25% acetic acid solution m saline was infused into Che bladder at the same flow rate 
to induce bladder irritation. Following 30 minutes of AA infusion, 3 vehicle 
injections were made at 20 minute intervals to detemiine vehicle effects, if any. 
Subsequently, increasing doses of a selected active agent, or combination of agents, at 

5 half log increments were adniixiistered mteavenously at 30 minute intervals in order to 
construct a cumulative dose-response relationship. At the end of the control saline 
cystometry period, the third vehicle, and 20 minutes following each subsequent 
treatment, the infusion pump was stopped, the bladder was emptied by fluid 
withdrawal via the infusion catheter and a single filling cystometrogram was 

10 performed at the same flow rate in order to determine changes in bladder capacity 
caused by the irritation protocol and subsequent intravenous drug administration. 

Data Analysis 

Bladder capacity data for each animal were normalized to **% Recovery from 
Irritation/" and this index was used as the measure of efficacy. Data from 
experiments in which each of the drugs were administered alone were utilized to 
create theoretical populations of additive effects for each dose (low, mid and high), 
and these were compared by one-tailed t-test (individual dose comparisons) and by 2- 
Way ANOVA (across doses) to the actual combination drug data. The means and 
standard deviations of each individual treatment's "dose-matched" (low, middle, and 
high) responses were added together to estimate the mean and standard deviation of 
the theoretical additive populations for which to compare to the actual data obtained 
from the combination experiments- The theoretical additive effect population N = 
(Nanto^te + N aiB mhumt modiMor) - 1 • PO.050 was considered significant, Only rats 
that showed between a 50-90% reduction in bladder capacity at the third vehicle 
measurement when compared to pre-irritation saline control values were utilized for 
numerical analyses* 

Results and Co nclusions 

30 The effect of cumulative increasing doses of tolterodine (iv^9\ gabapentin 

(n^l 1) and fee 2 combinations tested (e.g. Dose 1 for the combination 1 was 30 
mg/kg gabapentin and 3 mg/kg tolterodine; n-4 and 3 for 3 and 10 mg/kg tolterodine, 



15 



20 



25 
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respectively) on bladder capacity is depicted in Figure 9. Data are normalized to 
saline controls and are presented as Mean^ SEM. 

The effect of cumulative increasing doses of tolterodine (n^9). gabapentin 
(n-ll) and the 2 combinations {e.g- Dose 1 for the combination was 30 mg/kg 
5 gabapentin and 3 mg/kg tolterodine; n=4 and 3, for 3 mg/kg and 10 mg/kg tolterodine, 
respectively) on bladder capacity (normalized to % Recovery from Irritation) is 
depicted in Figure 1 0, Data are presented as Mean ± 3EM. Note that the 
combination of drugs produced a greater than additive effect for the 3 rag/kg Toll 
Combination (P-0.0099) and the 10 mg/kg Toll Combination (P===0,Q104), 

10 The ability of an a 2 8 subunit calcium channel modulator in combination with a 

smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in Madder capacity strongly indicates efficacy in mammalian forms 
of pain&I and non-painful lower urinary tract disorders and associated irritative 
symptoms in normal and spinal cord injured patients. Furthermore, the combination 

15 of an a 2 B subunit calcium channel modulator and a smooth muscle modulator 
prod uced a synergistic effect that was greater than what would be expected if the 
effects were simply additive. 

Example 5 - Bitate Acetic Acid Model: Pregabaliu and Tolterodine 

20 

Objective and Rationale 

The objective of this study was to determine the ability of an c^B subunit 
calcium channel modulator in combination with a smooth muscle modulator to 
reverse the reduction in bladder capacity seen following continuous m&sion of dilute 
25 . acetic acid, a commonly used model of overactive bladder. In particular, the current 
study utilized pregabalin as an exemplary a 2 5 subunit calcium channel modulator, and 
tolterodine as an exemplary a smooth muscle modulator. 



Materials and Methods 

Urethane anesthetized (1 ,2 g/kg) normal female rats were utilized in this 
study. Groups of rats were treated with tolterodine alone (n-9) 5 pregabalin alone 
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(n«7), and respective dose-matched combinations of tolterodine and pregabalin 
(n~9). 

Drugs and Preparation 

5 Drags were dissolved in normal saline at 1, 3 and 1 0 mg/ml for tolterodine and 

10, 30 and 100 mg/ml for pregabalin. In these studies, individual doses and 
combinations maybe subsequently referred to as Low, Mid and High, Animals were 
dosed by volume of injection ~ body weight in kg, 

10 Acute Anesthetized In Vivo Model 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with urefhane (1.2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
jugular vein for Intravenous drug administration. Via a midline lower abdominal 
15 incision, a flared-tipped PE 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording. The abdominal cavity was moistened with saline and 
closed by covering with a thin plastic sheet in order to maintain access to the bladder 
for emptying purposes. Fine silver or stainless steel wire electrodes were inserted into 
the external urethral sphincter (BUS) percutaneously for electromyography (EMG), 

20 

Experimental Design: Saline was continuously infused at a rate of 0,055 
ml/mm via the bladder-filling catheter for 60 minutes to obtain a baseline of lower 
urinary tract activity (continuous cystometry; CMG), Following the control period, a 
0.25% acetic acid solution in saline was infused into the bladder at the same flow rate 

25 to induce bladder invitation, Following 30 minutes of AA infusion, 3 vehicle 
injections were made at 20 minute intervals to determine vehicle effects, if any 
Subsequently, increasing doses of a selected active agent, or combination of agents, at 
half log increments were administered intravenously at 30 minute intervals in order to 
construct a cumulative dose-response relationship. At the end of the control saline 

30 cystometry period, the third vehicle, and 20 minutes following each subsequent 
treatment, the infusion pump was stopped, the bladder was emptied by fluid 
withdrawal via the infusion catheter and a single filling cystometrogram was 
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performed at the same flow rate in order to determine changes in bladder capacity 
caused by the irritation protocol and subsequent intravenous drag admMstratioxi. 

Data Analysis 

5 Bladder capacity data for each animal were normalized to *% Recovery from 

Irritation/' and this index was used as the measure of efficacy. Data from 
experiments in which each of the drags were administered alone were utilized to 
create theoretical populations of additive effects for each dose (low, mid and high)* 
and these were compared by one-tailed West (individual dose comparisons) and by 2- 

10 Way ANOVA (across doses) to the actual combination drag data, The means and 

standard deviations of each individual treatment's ^dose-matched" (low, middle, and 
high) responses were added together to estimate the mean and standard deviation of 
the theoretical additive populations for which to compare to the actual data obtained 
from the combination experiments. The theoretical additive effect population N = 

15 (N^t^^rMc + N a2§ & ubu«it modulator) ~ 1 * P«X050 was considered significant, Only rats 
that showed between a 50-90% reduction in bladder capacity at fee third vehicle 
measurement when compared to pre-irritation saline control values were utilized for 
numerical analyses. 

20 Results and Conclusions 

The effect of cumulative increasing doses of tolterodine (n=9) s pregabalin 
(n~7) and their matched combinations (e.g. Dose 1 for the combination was 10 mg/kg 
pregabalin and 1 mg/kg tolterodine; n~9) on bladder capacity is depicted in Ficure 1 L 
Data are normalized to saline controls and are presented as Mean SEM. 

25 The effect of cumulative increasing doses of tolterodine (n=9), pregabalin 

(n-7) and matched combinations (e.g. Dose 1 for the combination was 10 mg/kg 
pregabalin and 1 mg/kg tolterodine; w=9) on bladder capacity (normalized to % 
Recovery from irritation) is depicted in Figure 12. Data are presented as Mean ± 
SEM, Note also that fee combination of drugs produced a greater than additive effect 

30 at the Mid doses (JMK0353) on reduction in bladder capacity caused by continuous 
intravesical exposure to dilute acetic acid . Synergy is also suggested by significant 
differences between Additive and Combination effects by 2~ Way ANOVA 
(P<0.0234) s 
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The ability of an c&S sub unit calcium chamiel modulator in combination with a 
smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in bladder capacity strongly indicates efficacy in mammalian forms 
of painful and non-painful lower urinary tract disorders and associated irritative 
5 symptoms m normal and spinal cord injured patients. Furthermore, the combination 
of an c%§ subunit calcium channel modulator and a smooth muscle modulator 
produced a synergistic effect that was greater than what would be expected if the 
effects were simply additive. 

10 Example 6 ~ Dilute Acetic Acid Model: Gabapentin and Proptverine 

Objective and Rationale 

The obj ective of this study was to determine the ability of an a$&5 subunit 
calcium channel modulator in combination with a smooth muscle modulator to 
1 5 reverse the reduction in bladder capacity seen following continuous infusion of dilute 
acetic aeid> a commonly used model of overactive bladder. In particular, the current 
study utilized gabapentin as an exemplary a 2 3 subunit calcium channel modulator, 
and propiverine as an. exemplary a smooth muscle modulator. 

20 Materials and Methods 

Urethane anesthetized (L2 g/kg) norma] female rats were utilized in this 
study, Groups of rats were treated with propiverine alone (n~7), gabapentin alone 
(n^l 1), and respecti ve dose - matched combination s of propiverine and gabapentin 
(nMQ), 

25 

Drags and Preparation 

Drugs were dissolved in normal saline at 3, 10 and 30 rag/ml for propiverine 
and 10, 30 and 100 mg/ml for gabapentin. in these studies, individual doses and 
combinations may be subsequently referred to as Low, Mid and High. Animals were 
30 dosed by volume of injection - body weight in kg. 
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Acute Anestlietiaeci In Viva Model 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with uxethane (1 .2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
5 jugular vein for intravenous drug administration* Via a midline lower abdominal 

incision, a flared-tipped PE 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording* The abdominal cavity was moistened wi th saline and 
closed by covering with a thin plastic sheet in order to maintain access to the bladder 
for emptying purposes. Fine silver or stainless steel wire electrodes were inserted into 
1 0 the external urethral sphincter (BUS) pereutaneousiy for electromyography (EMG). 

Experimental Design: Saline was continuously infused at a rate of 0,055 
ml/oiin via the bladder-fi lling catheter for 60 minutes to obtain a baseline of lower 
urinary tract activity (continuous cystometry; CMG). Following the control period,, a 

15 0*25% acetic acid solution in saline was infused into the bladder at the same flow rate 
to induce bladder irritation. Following 30 minutes of AA infusion. 3 vehicle 
injections were made at 20 minute intervals to determine vehicle effects, if any. 
Subsequently, increasing doses of a selected active agent, or combination of agents* at 
half log increments were administered intravenously at 30 minute intervals in order to 

20 construct a cumulative dose-response relationship. At the end of the control saline 
cystometry period, the third vehicle, and 20 minutes following each subsequent 
treatment, the infusion pump was stopped, the bladder was emptied by fluid 
withdrawal via the infusion catheter and a single filling cystometrograni was 
performed at the same flow rate hi order to determine changes in bladder capacity 

25 caused by the irritation protocol and subsequent intravenous drug administration. 

BataAnalysis 

Bladder capacity data for each animal were normalized to '^Irritation 
Control/' and this index was used as the measure of efficacy. Data from experiments 
30 in which each of the drags were administered alone were utilized to create theoretical 
populations of additive effects for each dose (low* mid and high), and these were 
compared by one-tailed Mest (individual dose comparisons) and by 2* Way ANUVA 
(across doses) to the actual combination drag data. The means and standard 
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deviations of each individual treatment's "dose-matched** (low, middle, and high) 
responses were added together to estimate the mean and standard deviation of the 
theoretical additive populations for which to compare to the actual data obtained from 
the combination experiments. The theoretical additive effect population N ~ 
5 (Nznmmozrmm + N« 26 suw^ator) - 1* P<0*050 was considered significant. Only rats 
that showed between a 50-90% reduction in bladder capacity at the third vehicle 
measurement when compared to pre-hritation saline control values were utilized for 
numerical analyses, 

10 Results and Conclusions 

The effect of cumulative increasing doses of propiverine (ii==7) s gabapentin 
(n^l 1) and their matched combinations (e,g. Dose 1 for the combination was 10 
mg/kg gabapentin and 3 mg/kg propiverine; n^l 0) on bladder capacity is depicted in 
Figure 13, Data are normalized to saline controls and are presented as .Mean ± 3BM« 

1 5 The effect of cumulative increasing doses of propiverine (n^7% gabapentin 

(tr=l 1) and their matched combinations (e.g. Dose 1 for the combination was 10 
mg/kg gabapentin and 3 mg/kg propiverine; n=10) on bladder capacity (normalized to 
% Recovery from Irritation) is depicted in Figure 14, Data are presented as Mean =fc 
SEM* Note that the combination of drugs produced a greater than additive effect at 

20 the Low (P^O.0087) and Mid doses (P*0,G253) on reduction in bladder capacity 
caused by continuous intravesical exposure to dilute acetic acid. Synergy is also 
suggested by significant differences between Additive and Combination effects by 2~ 
Way ANOVA (P<0,0067)> 

The ability of an c&S subunit calcium channel modulator hi combination with a 

25 smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in bladder capacity strongly indicates efficacy in mammalian forms 
of painful and non-painful lower urinary tract disorders and associated irritative 
symptoms in normal and spinal cord injured patients. Furthermore, the combination 
of an oz§ subunit calcium channel modulator and a smooth muscle modulator 

30 produced a synergistic effect that was greater than what would be expected if the 
effects were simply additive. 
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Example 7 - Dilute Acetic Acid Model: Gabapentin and Solifenacia 
Objective and Rationale 

The objective of this study was to determine the ability of an cfed submiit 
5 calcium channel modulator in combination with a smooth muscle modulator to 

reverse the reduction in bladder capacity seen following continuous infusion of dilute 
acetic acid, a commonly used model of overactive bladder. In particular, the current 
study utilised gahapentin as an exemplary az$ subimit calcium channel modulator, 
and sohfenacin as an exemplary a smooth muscle modulator. 

10 

Materials and Methods 

Urethane anesthetized (L2 g/kg) normal female rats were utilized in this 
study. Groups of rats were treated with solifenacin alone (n— 7), gabapentin alone 
(n=ll), and respective dose- matched combinations of solifenacin and gabapentin 
15 (n-10). 

Drugs and Preparation 

Drugs were dissolved in normal saline at 1* 3 and 10 mg/ml for solifenacin 
and 10, 30 and 100 mg/ml for gabapentin. In these studies, individual doses and 
20 combinations may be subsequently referred to as Low, Mid and High. Animals were 
dosed by volume of injection = (body weight in kg) * 1 ,5* 

Acute Anesthetized In Vivo Model 

25 Animal Preparation; Female rats (250-300 g body weight) were anesthetized 

with urethane (L2 g/kg) and a saline- filled catheter (PE-50) was inserted into the 
jugular vein for intravenous drug administration. Via a midline lower abdominal 
incision, a fiared-tipped PE 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording. The abdominal cavity was moistened with saline and 

30 closed by covering with a thin plastic sheet in order to maintain access to the bladder 
for emptying purposes. Fine silver or stainless steel wire electrodes were inserted into 
the external urethral sphincter (BUS) percutaneousiy for electromyography (EMG). 
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Experimental Design: Saline was continuously infused at a rate of 0.055 
ml/mm via the bladder-filling catheter for 60 minutes to obtain a baseline of lower 
urinary tract activity (continuous cystometry; CMG). Following the control period, a 
0.25% acetic acid solution in saline was infused into the bladder at the same flow rate 

5 to induce bladder irritation* Following 30 minutes of AA infusion, 3 vehicle 
injections were made at 20 minute intervals to determine vehicle effects, if any. 
Subsequently, increasing doses of a selected active agent, or combination of agents, at 
half log increments were administered intravenously at 30 minute intervals in order to 
construct a cumulative dose-response relationship. At the end of the control saline 

10 cystometry period, the third vehicle, and 20 minutes following each subsequent 
treatment, the infusion pump was stopped, the bladder was emptied by fluid 
withdrawal via the infusion catheter and a single filling cystometrogram was 
performed at the same flow rate in order to determine changes in bladder capacity 
caused by the irritation protocol and subsequent intravenous drag administration. 

15 

Data Analysis 

Bladder capacity data for each animal were normalized to "% Recovery from 
Irritation; 5 and this index was used as the measure of efficacy. Data from 
experiments in which each of the drags were administered alone were utilized to 

20 create theoretical populations of additive effects for each dose (low, mid and high), 
and these were compared by one-tailed latest (individual dose comparisons) and by 2- 
Way ANOVA (across doses) to the actual combination drug data, lire means and 
standard deviations of each individual treatment's "dose-matched" (low, middle, and 
high) responses were added together to estimate the mean and standard deviation of 

25 the theoretical additive populations for which to compare to the actual data obtained 
from the combination experiments. The theoretical additive effect population N = 
(NWuscmnk + N«2« »*»** modulator) - 1* P<0.050 was considered significant, Only rats 
that showed between a 50-90% reduction in bladder capacity at the third vehicle 
measurement when compared to pre-imtation saline control values were utilized for 

30 numerical analyses. 

Results and Couetiisiotis 

The effect of cumulative increasing doses of soiifenacin (n**4), gabapentm 
(n^l 1) and their matched combinations (e.g. Dose 1 for the combination was 10 
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mg/kg gabapentin and 3 mg/kg solifenacm; n-42) on bladder capacity is depicted in 
Figure 15, Data are normalized to saline controls and are presented as Mean £ SEM. 

The effect of cumulative increasing doses of solifenacin (n^), gabapentin 
(n—l 1) and their matched combinations (e,g. Dose 1 for the combination was 10 
5 mg/kg gabapentin and 3 mg/kg solifenacin; n^l2) on bladder capacity (normalized to 
% irritation Control) is depicted in Figure 1 6. Data are presented as Mean ± SEM 
Note that the combmation of drugs produced a greater than additi ve effect at the Low 
(P<CLG5) and High doses (P<0 J35) on reduction in bladder capacity caused by 
continuous intravesical exposure to dilute acetic acid, Synergy is also suggested by 
10 significant differences between Additive and Combination effects by 2- Way ANQVA 
(P<0.0022). 

The ability of an c&S subunit calcium channel modrdaior in combination with a 
smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in bladder capacity strongly indicates efficacy in mammalian forms 
1 5 of painful and non-painful lower urinary tract disorders and associated irritative 

symptoms in normal and spinal cord injured patients, Furthermore, the combination 
of an OfrS subunit calcium channel modulator and a smooth muscle modulator 
produced a synergistic effect that was greater than what would be expected if the 
effects were simply additive, 

20 

Example 8 - Dilute Acetic Acid Model in Cats: Gabapentin and Oxybutyria 

Objective and Rationale 

25 The obj ective of this study was to determine the ability of an q&S subunit 

calcium channel modulator in combination with a smooth muscle modulator to 
reverse the reduction in bladder capacity seen following continuous infusion of dilute 
acetic acid in a cat model, a commonly used model of overactive bladder, In 
particular, the current study utilised gabapentin as an exemplary subunit calcium 

30 channel modulator, and oxybutynin as an exemplary a smooth muscle modulator, 

Ma^eriafeajnd .Methods 

Alpha-chloralose anesthetized (50-100 mg/kg) normal female cats (2,5-3.5 kg; 

Harlan) were utilized in this study. Groups of cats were treated with oxybutynin 
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alone (pr=5\ gabapentin alone (n~>)» and selected dose-matched combinations of 
oxybutynin and gabapentin (n~6)« 

Progs and Preparation 

5 Drags were dissolved in normal saline at 0.01 , 0.03, 0.1, 03, 1,0, 3,0 and 

lOmg/nd for oxybutynin and 3.0, 10, 30, 100 md 300 mg/ml for gabapentin. 
Combinations paired 0J mg/kg oxybutynin and 3 mg/kg gabapentin (Low), 03 
mg/kg oxybutynin and 10 mg/kg gabapentin (Mid), and L0 mg/kg oxybutynin and 30 
£&g/kg gabapentin (High), Animals were dosed by volume of injection - body weight 
10 in kg* 

Acute Angst faet ized In Vivo Model 

Female cats (2,5-3,5 kg; Harlan) bad their food removed the night before the 
experiment. The following morning, the oat was anesthetized with isofkirane and 

15 propped for surgery using aseptic technique. Polyethylene catheters were surgically 
placed to permit the measurement of bladder pressure, urethral pressure, arterial 
pressure, respiratory rate as well as for the delivery of drugs, Fine wire electrodes 
were implanted alongside the external urethral anal sphincter. Following surgery, the 
cats were slowly switched from the gas anesthetic isoflurane (2-3,5%) to alpha- 

20 chioraiose (50-100 mg/kg) > Dining control cystometry, saline was slowly infused into 
the bladder (0.5- L0 ml/niin) for 1 hour* The control cystometry was followed by 
0.5% acetic acid in saline for the duration of the experiment. After assessing the 
cytometric variables under these baseline conditions, the effects of test drug(s) on 
micturition were determined via a 3-5 point dose response protocols, 

25 

Data Analysts 

For the purposes of assessing synergy using all of the data simultaneously, 
bladder capacity data for each animal were normalized to % Recovery from Irritation, 
and this index was used as the measure of efficacy. Data from the experiments in 
30 which each of the drags wore administered alone were utilized to creaietlieoretieal 
populations of additive effects for each dose (low, mid and high) and these were 
compared by one-tailed t-test (individual dose comparisons) and by 2- Way ANOVA 
(across doses) to the actual combination drug data. For these purposes, the means and 
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standard deviations of each individual treatment's "dose-matched" (low, middle, and 
high) responses were added together to estimate the mean and standard deviation of 
the theoretical additive populations for which to compare to the actual data obtained 
from the combination experiments. The theoretical additive effect population N = 
5 (Nantimuseariiiic + N a.2$ subuait modutator) ~ 1 - Because gabapentin alone was not tested at the 
3.0 and the 10.0 mgJkg doses, and because there was no significant effect for 
gabapentin for the 30 mg 'kg dose alone, the response at 30 mg/lcg was used as a 
surrogate for the 3.0 and 10.0 mg/kg response in order to calculate tile theoretical 
additive polulation. P<0.050 was considered significant. Additionally, % Voiding 
1 0 Efficiency was determined by the following formula: (Voided Volume / (Voided + 
Residual Volume)) * 100 for oxybiuynm alone, gabapentin alone and the 
combination. 

Results and Conclusions 

1 5 The effect of cumulative increasing doses of oxybntynin <n~5), gabapentin 

(n=5) and their matched combinations (n<>) on bladder capacity is depicted in Figure 
1 7. Data are normalized to saline controls and are presented as Mean ± SBM. 

The theoretical additive effect of cumulative increasing doses ofoxybutynin 
(n=5) and gabapentin (n=5) 5 and their matched combinations (e.g. Dose 1 for tlie 

20 combination was 3 mg/kg gabapentin and 0. 1 mg/kg oxybutynin; n-6) on bladder 
capacity (normalized to % Recovery from Irritation) is depicted in Figure 1 8. Data 
ar e presented as Mean ± SEM . Mote that the c ombination of drugs produc ed a greater 
than additive effect at the Mid doses (P-0.0490) on reduction in bladder capacity 
caused by continuous hitravesical exposure to dilute acetic acid. 

25 The effect of cumulative increasing doses of oxybutynin (n«5), gabapentin 

(n=5) on voiding efficiency is depicted in Figure 19 (oxybutynin in Figure 19A, 
gabapentin in Figure 19B). Note the dose-dependent decrease in voiding efficiency 
caused by oxybutynin. Also note that gabapentin has no effect. 

The effect of cumulative increasing doses of oxybutynin and gabapentin in 

JO combination (n=6) on voiding efficiency is depicted in Figure 20. Note that the dose- 
dependent decrease in voiding efficiency caused by oxybutynin is virtually prevented 
by co-administration of gabapentin. 
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At the highest oxyhutynin (1 mg/kg) and gabapentin (30 mg/kg) dose 
combixmtkm tested in the cat, voiding efficiency was decreased only 16,7%, This is in 
striking contrast to the affect of oxybutyria alone at the same dose, which resulted in 
mi 784% decrease in voiding efficiency. It is concluded that the addition of 
5 gabapentin (which alone at this dose caused a 10, 1 % increase in voiding efficiency) 
counteracts fee undesirable negative effects of oxybuiynin on voiding efficiency while 
simidtaneously providing a positive and desirable synergistic effect on increasing 
bladder capacity. 

The ability of an a 2 8 subunit calcium channel modulator in combination with a 
10 smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 

induced reduction in bladder capacity strongly indicates efficacy in mammalian forms 
of painful and non-painful lower ininary tract disorders and associated irritative 
symptoms in normal and spinal cord injured patients. Furthemiore, the combination 
of an ohB subunit calcium channel mo dulator and a smooth muscle mod ulator 
1 5 produced a synergistic effect that was greater than what would be expected if the 
effects were simply additive, hi addition, the ability of an subunit calcium 
channel modulator to counteract negative side effects of a smooth muscle modulator 
while simuliaiieously producing a synergistic positive effect on bladder overactivity 
strongly suggests eMcaey in relieving fee irritative symptoms without compromising 
20 voiding capability in bladder outlet obstructed patients, such as those suffering from 
benign prostatic hyperplasia and associated irritative symptoms. 

Example 9 - Spinal Cord Injury Model: Gabapentiii and Oxyhutynin 

25 Objective and Rationale 

The objective of this study was to determine the ability of an a 2 S subunit 
calcium channel modulator in combination with a smooth muscle modulator on the 
ability to increase Madder capacity in spinal cord injured (SCI) rats, a commonly used 
model of neurogenic bladder. In particular, the current study utilized gabapentin as an 
30 exemplary a 2 8 subunit calcium channel modulator, and oxybutynin as an exemplary a 
smooth muscle modulator. 
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Materials and Methods 

Awake restrained SCI female rats were treated with combinations of 
oxybutynin and gabapentin (n=3). Cumulative dose-response protocols were utilised 
with half log increments for all studies. 

5 

Di ngs and Preparation 

Drags were dissolved in normal saline at 1,3 and 10 mg/rai for oxybiitynin 
and 30, 100 and 300 mg/ml for gabapentin. In these studies, combinations may be 
subsequently referred to as Low, Mid and High. 

10 

Awake Restrained SCI In Vivo Model 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with 4% isofluorane (2% maintenance) and a laminectomy was performed at die T9- 
15 10 spinal level. The spinal cord was v completely transected, and the wound was closed 
in layers. The animals received antibiotic (1 00 mg/kg anipicillin) immediately 
thereafter and every third day during recovery until the day of terminal 
experimentation. SCI rats had their bladders manually expressed twice daily by 
external credo, and were maintained in single housing for 2-3 weeks until evidence of 

20 recovery of voiding function was seen. On the day of the experiment, the animals 
were anesthetized with 4% isofluorane (2% maintenance) and a saline-filled catheter 
(PE-50) was inserted into the jugular vein for intravenous drug admimstration. This 
catheter was exited via the midscapular region and the ventral wound was closed with 
silk. Via a midline lower abdominal incision, a flared-iipped PE 50 catheter was 

25 inserted into the bladder dome for bladder filling and pressure recording. The 

abdominal cavity was closed in layers, with the bladder catheter exiting at the apex of 
the wound. Fine silver or stainless steel wire electrodes were inserted into the 
external urethral sphincter (BUS) percutaneously for electromyography (EMG). The 
animal was mounted in a Ballman restraint cage and allowed to recover from 

3 0 anesthesia for 1 hour prior to collection of control data. 



Experimental Design: Saline was continuously infused at a rate of 0. 1 00 
ml/min via the bladder-filling catheter for 60 minutes to obtain a baseline of lower 
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urinary tract activity (continuous cytometry; CMG)> Foiiowing the control period, 3 
vehicle injections were made at 20 minute intervals to determine vehicle effects*' if 
any. Subsequently, increasing doses of a selected active agent, or combination of 
agents, at half log increments were adtrdnistered intravenously at 30 minute intervals 
5 in order to construct a cumulative dose-response relationship. At the end of the 
control cystometry period, the third vehicle (Vefa 3), and 20 minutes following each 
subsequent treatment, the infusion pump was stopped, the bladder was emptied by 
fluid withdrawal via the infusion catheter and a single filling eystometogram was 
performed at the same flow rate in order to determine changes in bladder capacity, as 
1 0 determined by a voiding contraction, caused by the intravenous drug administration. 

Data Analysis 

Bladder capacity data for each animal was nomtalteed to % Veh 3, and data 
were analyzed using a non-parametric repeated measures I -Way ANOVA (Friedman 
15 Test) with the Dunn's Multiple Comparison Post-test. P<0.05 was considered 
significant 



Results and ConeiusiottS 

The effect of cumulative increasing doses of the combination of oxybutynin 
20 and gabapentiii (e,g. Dose 1 for the combination was 30 mg/kg gabapentin and 1 

mg/kg oxybutynin; n~3) on bladder capacity in chronic SCI rats is depicted in Figure 
2L Note the marked dose-dependent increase in bladder capacity (1MX027S). Data 
axe normalized to vehicle controls and are presented as Mean ± SEM 

The effect of cumulative increasing doses of the combination of oxybutynin 
25 and gabapentin (n-3) on bladder instability^ as measured by a significant decrease in 
the number of non-voiding contractions greater than 8 cm H2O (P-0.0174), is 
depicted in Figure 22, Data are presented as Mean ± SEM. 

The effect of cumulative increasing doses of the combination of oxybutynin 
and gabapentin on bladder instability, as measured by the significant increase in 
30 latency to the appearance of non-voiding contractions (JMX0017), is depicted in 
Figure 23. Data are presented as Mean ± SEM. 

The combination of an a^S subunit calcium channel modulator and a smooth 
muscle modulator was capable of nearly doubling bladder capacity and significantly 
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reduced bladder instability in a rat model of neurogenic bladder. This finding stands 
in contrast to the effects of vanilloid agents, such as capsaicin, which have been 
shown to reduce bladder instability in SCI rats, but not effect bladder capacity to 
voiding (Cheng et aL, 1995, Brain Res. 678:40-48), Because both spinal cord injury 
5 and benign prostatic hyperplasia are characterized by outlet obstruction, bladder 

hypertrophy and bladder instability, these findings strongly indicate efficacy for both 
spinal cord injury and benign prostatic hyperplasia, including irritative symptoms 
and/or obstructive symptoms associated with benign prostatic hyperplasia, 

10 

All publications and patent applications mentioned in the specification are 
indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
1 5 individually indicated to be incorporated by reference. 
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CLAIMS 

What is claimed is: 

1 . A method for treating a lower urinary tract disorder characterized by 
having at least one symptom selected from the group consisting of miliary frequency, 
miliary urgency, and nocturia, which comprises administering to an individual in need 
thereof a therapeutically effective amount of a first component that is an o*>5 subunit 
calcium channel modulator, in combination wife a second component that is a smooth 
muscle modulator. 

2. The method of claim 1, wherein said first component and said second 
component are contained within a single pharmaceutical formulation, 

3. The method of claim 1, wherein said first component and said second 
component are contained within separate pharmaceutical formulations, 

4. The method of claim 3 ? wherein said first component and said second 
component are administered concurrently, 

5. The method of claim 3, wherein said first component and said second 
component are administered sequentially, 

6. The method of claim 1 s wherein the subunit calcium channel 
modulator is a GABA analog. 

7. The method of claim 6, wherein the G ABA analog is Gabapentin or an 
acid, salt, enantiomer, analog, ester, amide, prodrug, active metabolite, or derivative 
thereof 

8. The method of claim 6 5 wherein the GABA analog is Pregabalm or an 
acid, salt, enantiomer 5 analog, ester, amide, prodrug, active metabolite,, or derivative 
thereof 
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9. The method of claim 1 , wherein said smooth muscle modulator is 
selected from the group consisting of: antimuscmiaics, p3 adrenergic agonists, 
spasmolytics, neurokinin receptor antagonists, bradyMsin receptor antagonists, and 
nitric oxide donors, 

5 

1 0. The method of claim 9, wherein said smooth muscle modulator is an 
axitimuscarinic. 

11. The method of claim 10, whereinthe antinmscarimc is Oxybutynin or 
10 ail acid, salt, enanHomer, analog, ester, amide, prodrug, active metabolite, or 

derivative thereof 

12. The method of claim 10, wherein the antlmnscarinic is Tolterodine or 
an acid, salt, enantiomer, analog, ester, amide, prodrug, active metabolite, or 

15 derivative thereof 

13. The method of claim 10, wherein the antimuscarimc is Propiverine or 
an acid, salt, enantiomer, analog, ester, amide, prodrug, active metabolite, or 
derivative thereof 

20 

14. The method of claim 10, wherein the antimnscarinic is Solifenacin 
monohydrocliloride or an acid, salt, enaniiomer, analog, ester, amide, prodrug, active 
metabolite, or derivative thereof 

25 15* The method of claim 1 , wherein said o&S subimit calcium channel 

modulator is Gabapentm or acids, salts, enantiomers, analogs, esters, amides, 
prodrugs, active metabolites, and derivatives thereof; and wherein said smooth muscle 
modulator is Oxybutynin or acids, salts, enantiomers, analogs, esters, amides, 
prodrugs, active metabolites, and derivatives thereof 

30 

16. The method of claim 1, wherein said subanit calcium channel 
modulator is Pregabalin or acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; and wherein said smooth mnscle 
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modulator is Qxybuiynin or acids, salts, enantionrers, analogs, esters, amides, 
prodrugs, active metabolites, and derivatives thereof. 

17* The method of claim 1 ? wherein said first component and said second 
5 component are administered on an as-needed basis, 

IS, The method of claim 1, wherein said first component and said second 
component are administered prior to commencement of an activity wherein 
suppression of the symptoms of a lo wer urinary tract disorder would be desirable. 

iO 

19. The method of claim 18* wherein said first component and said second 
component are administered from about 0 to about 3 hours prior to commencement of 
an activity wherein suppression of said symptoms would he desirable. 

15 20. The method of claim 1 ? wherein said first component and said second 

component are administered orally, transmiicosally, sublingual^ buccally, 
intranasally, transurethraily, rectally, by inhalations topically, traasdemiaily, 
parenterally, intraftiecally, vaginally, or perivaginally; 

20 21. The method of claim 1^ wherein said first component and said second 

component are administered to treat overactive bladder or the irritative or obstructive 
symptoms of benign prostatic hyperplasia. 

22, The method of claim 1 , wherein said first component and said second 
25 component are administered to treat urinary frequency. 

23 , The method of claim 1, wherein said first component and said second 
component are administered to treat urinary urgency. 



30 24, The method of claim 1, wherein said first component and said s econd 

component are administered to treat nocturia. 
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25, The method of claim L wherein at least one detrimental side effect 
associated with single administration of said first component or single administration 
of said second component is lessened by concurrent administration of said first 
component and said second component, 

5 

26, The method of claim 25 wherein said first component and mid second 
component are administered to treat overactive bladder or the irritative or obstructive 
symptoms of benign prostatic hyperplasia, 

10 27, A method for treating a lower urinary tract disorder characterized by 

having at least one symptom selected from fee group consisting of urinary frequency, 
urinary urgency, and nocturia, comprising administering to an individual in need 
thereof a therapentically effective amount of at least one component selected from an 
mB subunlt calcium channel modulator and a smooth muscle modulator, 

15 

28, A pharmaceutical composition comprising a first component that is an 
OfoS subunit calcium channel modulator, in combination with a second component that 
is a smooth muscle modulator, wherein said first component and said second 
component are in amounts sufficient to treat a lower urinary tract disorder 

20 characterised by having at least one symptom selected from the group consisting of 
urinary frequency, urinary urgency, and nocturia, 

29, A pharmaceutical composition comprising a first component that is 
Gabapentin or phamiaceutically acceptable acids, salts, esters, amides, prodrugs, or 

25 active metabolites thereof, in combination with a second component that is 

Oxybutynin or pharmaceutical^ acceptable acids, salts, esters, amides, prodrugs, or 
active metabolites thereof, wherein said first component and said second component 
are in amounts sufficient to treat a lower urinary tract disorder characterized by 
having at least one symptom selected from the group consisting of urinary frequency, 

30 urinary urgency, and nocturia. 
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30, The pharmaceutical composition of claim 29 wherein said first 
component is present in an amount from about 50 mg to about 2400 mg, and wherein 
said second component is present in an amount equal to or less than about 5 mg, 

5 31, The pharmaceutical composition of claim 30 wherein said first 

component is in an amount of about 200 mg, 

32, The pharniaceutica! composition of claim 30 wherein said second 
component is hi an amount of about 23 mg. 

10 

33* The pharmaceutical composition of claim 30 wherein said second 
component is in an amount of about 1 .25 mg, 

34, A pharmaceutical composition comprising a first component that is 
15 Pregabalin or pharmaceutical acceptable acids, salts, esters, amides, prodrugs, or 

active metabolites thereof, in combination with a second component that is 
Gxybutynin or pharmaeeutically acceptable acids, salts, esters, amides, prodrugs, or 
active metabolites thereof; wherein said first component and said second component 
are in amounts sufficient to treat a lower urinary tract disorder characterised by 
20 having at least one symptom selected from the group consisting of urinary frequency, 
urinary urgency, and nocturia. 

35. A pharmaceutical composition for the treatment of a lower urinary 
tract disorder characterized by having at least one symptom, selected from tire group 

25 consisting of urinary frequency, urinary urgency, and nocturia, comprising a first 
component that is Gabapentin or pharmaceutical^ acceptable acids, salts, esters, 
amides, prodrugs, or active metabolites thereof, in combination with a second 
component that is Oxybutynin or phatmaceutically acceptable acids, salts, esters, 
amides, prodrugs, or active metabolites thereof; wherein said first component and said 

30 second component are present in a ratio from about 1:1 to about 800:1 or from about 
1 : 1 to about 1:800, respectively, based on a fraction of their respective EDso values. 
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36. A combmation for tlie treatment of a lower urinary tract disorder 
characterized by having at least one symptom selected from the group consisting of 
urinary frequency, urinary urgency, and nocturia, comprising a first component that is 
Gabapexitin or phamiaceutically acceptable acids, salts* esters* amides, prodrugs or 

5 active metabolites thereof, in combination witJi a second component that is 

Oxybutyria or pharmaceutical!}' acceptable acids, salts, esters, amides, prodrugs, or 
active metabolites thereof, wherein said first component and said second component 
are in a weight/weight ratio of from 1 : 1 to about 800:1 or from about 1:1 to about 
1 : 800, respectively. 

10 

37, A pharmaceutical composition comprising Qxybutynin, wherein said 
Qxybufynin is in an amount less than about 2.5 mg. 

38> A packaged kit lor a patient to use in the treatment of a lower rtrmary 
1 5 tract disorder characterized by having at least one symptom selected from the group 
consisting of urinary frequency, urinary urgency, and nocturia, comprising: at least 
one component selected from an o&S subunit calcium channel modulator and a smooth 
muscle modulator; a container housing said component or components during storage 
and prior to administration; and instructions for carrying out drag administration of an 
20 GfeS subunit calcmm channel modulator with a smooth muscle modulator in a maoixer 
effective to treat said lower urinary tract disorder. 



3 9, The packaged kit of claim 38 wherein said first component and said 
second component are contained in the same pharmaceutical formulation. 

25 

40. The packaged kit of claim 39 wherein said first component is 
Gabapentixi or pharmaceutical^ acceptable acids, salts, esters, amides, prodrugs, or 
active metabolites thereof, and wherein said second component is Oxybutynin or 
pbarmaceuticaliy acceptable acids, salts, esters, amides, prodrugs, or active 
30 metabolites thereof. 



41 . The packaged kit of claim 38 wherein said first component and said 
second component are contained in separate pharmaceuticai formulations, 
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42 . The packaged kit of claim 41 wherein said instructions include 
directions for carrying out drag adiiidBietratiao of said first component and said 
second component sequentially or concurrently, 

5 

43 > The packaged kit of claim 42 wherein said first component is 
Gabapentin or phammcexmcally acceptable acids, salts, esters, amides, prodrugs, or 
active metabolites thereof, and wherein said second component is Oxybuiynin or 
pharmaceutically acceptable aeid% salts, esters, amides, prodrugs, or active 

10 metabolites thereof 
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AMENDED CLAIMS 

{Received by the International Bureau on 20 September 2004 <20»O9.2QO4): 
original claims 1-43 replaced by amended claims, 1-51 (8 pages)! 

What is claimed is: 

1 » A method for treating a aymptom of a lower urinary tract disorder, 
comprising; 

(a) administering m siifeunit calcium channel modulator 
selected from the group consisting of Gabupantto and Progabatfo; and 

(b) administering an amimttacarimc selected from tire group 
constating of Gxybniymn, Tolterocfine, Propiverine. and SoJifenacin 
monohydroeb lor j do; 

wherein said £2x5 subumt calcium channel modulator md mid mitimmcmmc are in 
therapeutically effective amounts sufficient to treat a symptom of a lower urinary tract 
disorder. 

2. The method of claim I > wherein said Cfeo auburn* calcium channel 
modulator and mid antimoscarinic are contained within a single pharmaceutical 
formulation* 

3. The method of claim 1 » wherein said a 2 B subunit eatcium channel 
modulator and said ami muscarinic are contained within separate pharmaceutical 
formulation*. 

4, The method of claim 3, wherein said %S subunil calcium channel 
modulator and said antimuacarinio are administered concurrently* 

5, The method of claim 3> wherein said ^5 subunit calcium channel 
modulator and said antimuscarinic are administered sequentially. 

Ck The method of claim 1, wherein said c&o sub unit calcium channel 
modulator and said amimuscarinjc are administered on an as-needed basis. 
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7. The method of claim ? , wherein said t*>5 sabunit calcium channel 
modulator and said anrmwscarmie arc administered prior to commencement of m 
activi ty wherein suppression of the symptoms of a lower urinary tract disorder would 
be desirable. 

8. The method of claim 7, wherein said atrd summit calcium channel 
modulator and said antimttscarmic are administered from about 0 to about 3 hours 
prior to commencement of an activity wherein suppression of said symptoms would 
be desirable. 

9, The method of claim J , wherein said os5 aubunit calcium channel 
modulator and said antimwscarinic are administered orally, transmucosally, 
subJinguoHy, buccaHy, intranasally, transuretbratly, rectally, by inhalation, topically, 
transdermaJly, parenter&Uy, mtrathecally, vaginally, or perivaginally, 

1 0. The method of claim ! , wherein the symptom of a lower urinary tract 
disorder is associated with benign prostatic hyperplasia or overactive bladder. 

T 1 . The method of claim 1 , wherein the symptom of a lower urinary tract 
disorder is urinary frequency. 

12. The method ofclaim 1, wherein the symptom of a lower urinary tract 
disorder is urinary urgency. 

13. The method ofclaim 1 , wherein the symptom of a lower urinary tract 
disorder is nocturia. 

1 4. The method of claim 1 , wherein the symptom of a lower urinary tract 
disorder is incontinence. 

15. The method of claim 1 wherein at least one detrimental side effect 
associated with single administration of said c*j5 subunit ealctum channel modulator 
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or smgls admfniati^tjon of said antimusc&rmic is lessened by concurrent 
adramistratfoii of Mid ohd tsybunit micium channel modulator and said mtimuscarirric. 

16, The method of claim 1, wherein said c&5 subtmH calcium channel 
modulator is Qabapentin and whersin said antimuscarinic Is Oxybutyntru 

J 7. The method of claim J , wherein said subtmit calcium channel 
modulator is Gubnpmrtm and wherein said antimuscavinic is Tolterodme. 

18. The method of claim J, wherein said ogd sttbunit cajemm channel 
modulator is Gabapeniin arid wherein said antimuscarinic is Propiverine* 

J 9, The method of claim I, wharam said Cfe£ aubunit calcium channel 
modulator is GahapenUn and wherein said antimuscarirne is Solifenacm 
raanobydroch f or jde. 

20. The method of claim 1 > wherein said subimit calcium channel 
modulator is Pregahalin mid wherein smd antimuscarmic is Oxybutynin. 

21. The method of claim I > wherein said ct&6 submvi cafcittm channel 
modulator is Fregabahn qnd wherein said atttrmuacarmte is Tolterodme, 

22. The method of claim J, wherein mid o&B sitbunit calcium channel 
modulator ta Pregabalin and wherein said aniimuscarinic is Propivorine* 

23. The method of claim 1 » wherein said o^S svibunil calcium channel 
modulator k Pregabalm and wherein said antimusearinic is Solifenaciri 
monohydrochlori da, 

24. A pharmaceutical composition comprising: 

(a) an subimit caictum channel modulator selected from the 
group consisting of Gafcapentin and Pregabahn; grid 
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(b) an antimusc^rjjiie selected from the group consisting of 
Oxyburymn, Tolteixjdine, Propiverine, and Soiifdnofiin monohyUracbloride; 
and wherein mid o%o subiinit calcium channel modulator *md said antimuscarinic are 
in therapeutically effective amounts sufficient to treat a symptom of a lower urinary 
tract disorder 

25. The pharmaceutical composition of claim 24 wherein mid m& mhunii 
calcium channel modulator is present in em amount from about 50 mg to about 2400 
mg, mid wherein said tmtimuscarinle is present in mi amount equal to or less than 
about 5 mg. 

26. The pharmaceutic*! composition of claim 24 wherein said o&& subtmit 
calcium channel modulator is in an amount of about 200 mg, 

27. The pharmaceutical composition of claim 24 wherein mid 
anUmuscarinic is in em amount of shout 2.5 mg* 

28. The pharmaceutical composition of claim 24 wherein mid 
wit* muscarinic iu in an amount of about 1,25 mg. 

29. The pharmaceutical composition of claim 24 wherein smd ot*o subunk 
calcium channel modulator and said antimuscarinic are present in a ratio from about 
1:1 to about 800: J or from about 1:1 lo about 1 :SQ0» respectively, based on $ Ruction 
of their respective ED$o valuer, 

30. The pharmaceutical composition of claim 24 wherein said a^a sub unit 
calcium channel modulator anil said antimuscarime are in a weight/weight ratio of 
from 1.1 to about 800: J or from about l ;t to about J :80G> respectively, 

31. The pharmaceutical composition of claim 24, wherein said subimil 
calcium channel modulator and said antitnuscarinic are formulated for oral* 
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trunsmucossl, sublingual* buccal, intranasal* transurethral, rectal, inhalation* topic*!* 
transdermal, parenteral* intrathecal* vaginal, or perivaginal administration. 

32, The pfmroiaccutici-d composition of claim 24, wherein the symptom of 
a lower urinary trmi disorder is associated with benign prostatic hyperplasia or 
overactive bladder. 

33, The pharmaceutical composition of claim 24, wherein the symptom of 
a lower urinary tract disorder is urinary frequency, 

34. The phamiaeeniicsi composition of claim 24, wherein the symptom of 
& tower urinary tract disorder is urinary urgency, 

35. The pharmaceutical composition of claim 24, wherein the symptom of 
a Jower urinary tr*ict disorder is noeitiri*u 

36. The pharmaceutical composition of claim 24, wherein the symptom of 
a lower urinary tract disorder is incontinence* 

37. Th& pharmaceutical composition of clmm 24> wherein said subtmit 
calchmi channel modulator is Gsbapentin and wherein said anfimiiscarinic is 
Oxybuiymn. 

38, The phannaceutica! composition of claim 24* wherein said o&d subunit 
calcium channel modulator is Gabapentin and wherein said a nti muscarinic is 
Tolterodtne, 

39, The pharmaceutical composition of claim 24, wherein said o&& subunit 
calcium channel modulator is Gahapenfcin and wherein said anlimusoarmie is 
Propiverine* 
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40, The pharmaceutical composition of claim 24* wherein said ot^S subunit 
calcium channel modulator is Gabapeotin and wherein said imtimiise^rinic i$ 
SoUfrnmcm moaohydrochlorldc. 

41 , The pharmaceutical composition of ctaim 24, wherein said o^d svihnnil 
calcium channel modulator is Pregabalin and wherein said aniimuscarifuc is 
Gxybntynm, 

42, The pharmaceutical composition of claim 24, wherein said ffcfi mhnnh 
calcium channel modulator is Preg&b&lm and wherein said anttmusearimc ig 
Toiferodmo, 

43, The pharmaceutical composition of claim 24, wherein said m& subunit 
calcium channel modulator is Prog&balin and wherein said antinuiscarinie is 
Fropiverine. 

44, The pharmaceutical composition of claim 24, wherein mid osS subunit 
calcium channel modulator is Frcg&baHn and wherein said anti muscarinic is 
Sohfcnacin nionohydroc blonde, 

45, A pharmaceutical composition comprising Oxybulymn, wherein said 
Oxybulynin is in un amount {ess than about 2.5 mg- 

46, A packaged kit for use in the treatment of a symptom of a lower 
urinary tract disorder* comprising; 

(a) an 0k& subunit calcium channel modulator selected from the 
group consisting of Gabapentin $ud Pregabulin; 

(b) an antimuscarmic selected from the group consisting of 
Gxybutynin, Tolterodino* Propiverine, and SoHfenacm monohydrochforide; 

Co) & container housing said c&5 subunit cuicium channel modulator 
and smd antimuscminio during storage and prior to administration; mid 
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(d> instructions for carrying out drug administration of said o^S 
subtmit cutciwn channel modulator and said antinwsearmie in a manner effective to 
ir&M said symptom of § lower urinary tract disorder, 

47. The packaged kit of claim 46 wherein said q&o Sirtnmi* cidcimii channel 
modulator md said aniimusc«rimc are contained hi the same pJmrmaceuiical 
formulation, 

48, The packaged kit of claim 46 wherein smd m$ stihiinit calcium chim/id 
modulator md mid mtfhrtmc&rinic sre contained in separate piwmaceutic^i 
formulations. 

40. The packaged kit of c\mm 46 wherein mid instructions include 
directions for carrying out drag administration oF said m& submit calcium channel 
modulator md said amimuscari nic sequentially or concurrently. 

50, A packaged kit tor me in the treatment of a symptom of $ lower 
Urinary tract disorder, comprising t 

fa) an w>B suhunit calcium channel modulator selected from the 
groiip consisting of G^bapenfin and Pregtibalin; 

(b) a container housing said cfeS ftubunit calcium channel modulator 
during storaga and prior to adniimstmtion; mid 

instructions for carrying out drug administration of said ohB subumt calcium channel 
modulator sequentially or concurrently with an anthnuscarinic selected from the 
group consisting of Oxybntynm, Toiterodme, Propiverine* tmd Solifenacin 
raaoohydroeWoi ide, in ^ manner effective to treat said symptom of a lower urinary 
tract disorder. 

51 * A packaged kit ihr use ui the treatment of a symptom of a lower 
urinary tract disorder, comprising: 

(a) an anil muscarinic selected from the group consisting of 
Oxybutynin, Tohemdine, PropiVBrtne, m4 SoKfenacin monohydrochioride; 
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(b) a container housing said antiinuscarinjc during storage and 
prior to administration; and 

instructions fbr carrying out drug administration of said anttmuscarimc sequentially or 
concurrently with an <%6 subunit calcium channel modulator selected from the group 
consisting of Gabapeotin and Pregabalin, in a manner effective to treat said symptom 
of a lower urinary trac t disorder. 
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